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This 12pave contalius wois odone o Speryy Soiniconductox, Division

-

of nperry Rand Goynevetics, asd 4 . . contract NAS1-2519. The contract

calied for th2 investigetiovs apd . L eadations of 8 grovp of universsal

-

. dig tal muicropowex integeated “irsuits, The overali program was a raulti-

din. endloned probiera whoxs Ahe interr.ciion ef periormance and fabrication
characteristics wus considared.

*

initial investigations of vasiovse Irgital gnte circaits were made

D
asing similac design conditions o deiezmine relative perfcrmance chasvac-
4
tey stic s over a wido raage of } swer dE3ns Cazre was taken to obtain =

cor.pavative performeance by wing the sene semiqwzductor devices through-
out the investigatiou. The most p romising configurations were TZL (direct
cousled, DTL {single trans sistor pate) aud compleméntary RUTL {two

trai sistor complernzntary gatel-

Lach family »f configarainirs igores, flip-flups, et:.) were investi-
gat. d in detail over the feruperniuTe Yange of interest to further investigate
corrparative performans charr.tericde

integated comgpoaent ooy sxisiics and the effect « various
inte vrafion technigues on < sirou’l pritulnanned veve evalugied. Ol the
circait configurations investiga i}, cempiemenisry RDTL offered thebest

oversil pesformanae cheraciori vics. A& sliscussion and exaraple of the

.

ingte rrated techigaes recarines 4 for wue in fabricstdng i@ fanily of
conolementnyy RLUVL siraoito v comtadden i th vepeeat. Nor #de ~




Lo LBQLUZE L
LY Sgane.nt FlEQergu
The project cavered Ly NAS/ conteact NAS1-2619 called for a
sta ly of Integratea “Aic ru;.@mzx irewits for Spacecraft Elactronic Systems.
Tiwe e jor emapnssis vas {0 veduce both the size and weight
of voe lostrument y):?.citmge ti'sr'cu;;g‘.x r#dustion of both the physical size of
the cim it paekage and the size  nd weipht of the power supply through re-

ductions in circuit power drain quirements.

-

The end result of thi: "nveetication is the recommendation-of a
groap of universal digital circusn foactions in an intc:graied form that
pre sent the epilmum compromis: woiween perfurx'n&nce characteristics, low
power drain, <asc ot fabricaticu :nd reiisbility.

Aninve sﬁgation of vr.oouus digital circuit configurations was
mace fo evaluate relative perfou innce characteristios of each configura-
ticr:  All designs w-corporsted ~rarsi c2xs: design procedures.

Poralle: tavestigetion. of is:tet:éted circait pactaging techniques
and comperent fabrication techsi-ues ware made in conjun-tion with the

= ult design porion of the pros wa.  Close co-ordination was maintained
betvieen thosa .l‘eS}ZOEISib!C‘ for errtoperiion of the overall program.

1¢ should be recupniz... il the oversll program represents &
mul:ii- gimeansioned problen: priticuisrly in the asre:s of cixrcauit design and

the -rede~oif. invoived, _Y"u vthosonwre, the circult perforn ance character-

istic 5 arz intunately asseciaied th ‘abirication tecl alques need in the
dev: losuent vl the o izoon s, oo known that theve are mary



nracitts ofiocts ceopeinted with 1naspiated cixneits, particelarly those

]

e

sl g 1. 5.0 sabrorate fsbcicativn terhaigoes. When opexsting circuits
at tyw powes jevels, the efieciv of these parasitics become quite pro-
nceaced and severe'z-y licnit cireait performance. It is to avold this
ico tation that the nmajor cnphnsis of this report was placad on ceparate
chi: inteyg: at‘,ed falrication techrigaes vupplenanted by 1.5.C. techniques
whe ya applicsile.

1.4 wxlgrinnce Ruquizanen by sRGGH L £ B TS

Tie extant of the study pro rem was determined by the perfor-
ma~ce characteristics reguiréd of the digital circaiis. These requirelgents
wee determinead iy repre entait - of Sperry ~~em;aonductor and NASA
Lasgley aud are oatlined brlow.

The circwit funciions required are "NAND and NOR" gates, a
aniversel flip-flop and possibly » power driver  The flip-{lop should be
caprble of use in cither coanter. or shift registers. A flip<flop that msay be
usei in ; sh ting aceuamausleior i= Jesicable if practicable.

lndividva! NAND and R sates are desired rather than the
use of a single gaie type and loy.o inversion to obtain both gating functions.

Tecauss of radistion ;. ccblems, the maximum re sistance value
ava.lahle for considaration in civoait design must be limited to 100K n..

Pov er suppiies must consist of rechargevble batteries anc supply levels
mu-{ tbare’fcﬁ; be in multinles =7 1. 35 volts. It is, of course, necessary to

kee: supply voitngr levelr as lowras possible to minimige power drain.

€« . *
we M £ ) .
Lo vt reied Femnduonamator Clyoalt

-
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Tor sistent w Vi (s veigas taer s Wt deirabee 1o iimit Catput voitage
swiigs uwne lons the @ 3 volt: .
Circai” fun-in £odd Inn rats or Jive axve desirable and must be
fsrrey inon w minimuam of ilvec, Flip.fop repetitioa rates of 100KC and

higaer and gate tronsient vospe e characieristics of less than lpsec propa-

get on delay per sisge are ragqucad.

The eirciits maiting e prijormance characteristics outlined

ahove weve o be fnvestigaied cvoer e fo)lowing ternperature ranges:

109 so 32583

L2550 vo 400V C he
PR P o P
“>5L - i :}:} ‘-J

1.5 Dsasign ' Zrocedures
A preliminary svaluavion ¢f various pgate circuits was com-

plered to determine comparative perfermence. Power drain and propaga-
tion time were meaured in idestical tests for each of the configurations
ancar invesiigation. For esch snfigaration investigated, five ;gatés were
bui t and cornectad in a closed luop to form a ring oscillator. {The power
drain messarements were made while the circuit was operating and
thu : azre an averapc transient value since the duty cycle of a ring oscil-
late r iz approximataly fifty percent. The five- stage oscillator outpat is
sir ilar to a sguare wave and i ¢ period.‘co,nsis’:;s of the sun of five circuit
turi-on times plus five turn-off times. If the period of the oscillator

outiut ix aivided by ten, the reszcliant time is equal {o tie average circuit
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{3 " * 5 . 5 .
DED M OATINGG v e . T et we Tan ghnaociesistics wvere veed an
! 5 .
the ot g ¥orooes it e 0 soloosn F the siveuits to be rore!

e kel Ao sy ok ted.

core ewniuntion i circeit porformance tuat

hnraciaristics, the same transistors

und diades were tsed Jn @l the 3l civeait performance measurements.

sifned using similar minimum and
maximum spectfications o seq irenductor parameters., Resistor
var@iions were naramed o be % 1t the least favorable extreme. All

pover suppiv volieges were ssqased o be battery supplied. Worst—case

gr uormaliy ssimnes nind {5

moaren 13 ay el evn e Sesm e o
L& a LARN <4 a2l

. - — e POV T
Y GNE (NARMNG vaiues

ot

d

(!'

3 T power supply

levils. Dbecruse of the voliage vinbility of mercury batteries sand the wide
var:aton perritted for other ey ponsnis, these power supply extremes
were not considercd in the worst tese desigas. The configurations
trvostigaied and peifermance ohy ?;f?.ﬁ’.'-«'.ff"i."ii‘.»{iﬁ‘,s ave o(?.tiined"én Section 2 of
this report.

Ieenifiontion of eym uls woad in the eouetions in section 2
chevactarivieg earh confivnratinn v uutlined belovs:

AN o Ligrates relsinoan v oolad

A e Deootes ndalo o veine

"T:'T;.-’"'a° “ili’:.-.?.’i‘ VCC - f.”r«.,x»»,-g: supply levels

B gy © DRS% #mittes salurniion veitage fturn oad
D Egme :

Y o, BRse emitter larn olf voltsge f+value denotes forward
B nimg e Delow Wovshoeld tuvn-on level, -value denotes
vesars: hines e

A S
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CoCesla Lrow adter voloape - treastistor off

.
LI P LAttt st eratis O veivage
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e ooryr _aluate e b ow cavrent

N aSY SToE WY s Dar Uy st

pnsistor tar oot oarrent {(transient

aratgter ot oo carveent

collento: ba: e Len!

Lranstuior forrnrd Vorraat travsler ratio
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The gpeostion o e g gt 1 ieserined as foliows ! : .

A

. Dib Tawbe beeqang. o0 B s dieiven by tha
paie aie ool one ) e St e s oL oorant baogi ied to the Ariven

stnp 8 anrovph Booood Sl s e oty vasistor must be small enough
to - vosvent e sl drivee - The gate s switchied off
oniy whow sl ipar I Coats e e : T‘VICL:S(’;-.R.

0 aba e i ] the gans ace quite dependens

g fua-iv gad fooecul pessiearne ot vt gete oulpull is
doep ndaortogpe B ot G ds et o P ctothor ace aflestivaely in
pea it T N R v

Iras Taxr TN - RS A S i :
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LA A ey L

FACIEAT RO PSR Y v Jullowimg wecnnique
e i rnme o e Y. ape Vaven various
Yooposemei T Ty Mg ‘l.‘f;.i,:;p." an¢ VFEg and various

.
S puoer suonty duvels wree sssuvined. A fan-in and fan-out of

et U owolis vy by noed, 1o delcrmnine the optithurn peri{ormance

Soarensintoe Boos redgalroeais and vatpuat veltape swing {for possible

ner cery raxiilor varisiivnr wero.eoatte s

£

[E]

timefines) e futiowt coaeare of solstion was adapted. Ten

Astume Kz o0 W whooe Do vepunents the oatin of R w R,.

Tnoocamtion o oaoles o YR ath raspec: o K ‘.I’_-L‘:s factor

CSalyroe LR i jée = O aithy Vovangner 0 OV .3
Solve sguatinng 4 scomning il ‘R, with Vool 3V and

ol
wiith, yrespect to VCI‘_‘i)if’ K, and ;.

Solsvz equarve.n 2§01
Solvw equaiivn 3 for T with: respect to K and Ry,
Subsiitare znvazisc 7 oandd 3 into eguation S pad facter out Ry,

bl

e resultand #q s lur

cnoribes ransisinr Heta reguirements

The selaticramip « Yo o IT La eeniuated frovo the equation
deferminew oSt
These resalns nze oLl etiineed fae the resulis of Step { to deter-

the :f‘x'iat;\),ttl)’;;_"_", o !4‘».',’ I 1‘

Gatution oo thess oqar e resulting g practical compornent valies

P da diada o

e ontil releiicety oL soway sapely levels were used, Cplimar
A AT S voc rencents ad turn-off voltaps
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Gve &R P

{Rz2:. (o obisin prosagation the - -

circuifs wasre

raeae s wrihin o

vl B 28

v jewaig
- 4 PO -y
o soilen lny oy

Swironiug speed s als

powes drain wae

POW T <AL 0 Drecopaioy e

o previood [ EEIAY

4

woodred b an B3R, end R w3 00,

-

s Loe walisy power suroly levels and a wice
N .

o we e direait (R4®10,5R) prevent circuit

svHawtecly sine o the minimmozra resistance value

Feoarl,
Hemidoa by the relatively large input resistor
i teos thap 1 usec it was necessary to use

it whove a ouilliwatt, The reletionship of

i aihuewn in Figura 1. These factors combine

.

RO e tiis strdy program.
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R c . . + [
U - s e 4 3 S5 mee e eee . . “')

Cihe gare 3 turned on aly of sl diods iapuls are reverse biased,

4 frow Ry te the goie transistor, If

aryg ai i gee divies ave condor o Lno gate fransistar o barned off through

o Lo improve Toth tooon on and turn off

. 3 : X - s Yyyreoee 2 $ ey 1 ¥ 3
blig seed mes als - oo drarvoved Uy incveasing the Ips oy ratic
: ] . 2 i 1n .

Towd e cvensing the wveuze of ine collector re
RI2T L. sndike RS Te 2 copsien sest castrent wnrilo Nle ceiector current

Fir e o o p e Droe b ien o n Peivimn soeedepowa e drain relationship

Fooso e b verdas cesas o 0l the coveais, che o Howilhg desigs

CLOY oaavaras s end aapoly levets Vg

%y . ; i i1

} e ey i T . Jommgo [
Tai o o Yok ot sae o e o we e madle, thus reducing the
e iy im e Ba Ve gmig ¥ ; 0. [ E=S i oo
WA BT s T Mg A, !'\f\r R ) R “B "C" Ij_,“‘ 4wl VB)L'\){{'

“seibiie me Dioiher sasammiions @8 folicws must be made:

S TE T TR i S o Ad & maximoes, velae for R 1. Solve

L




SIS L IRET B U2 npd g0 ve Lo e

%)

. GLECUAON S e Do e b

i lenusbion B oass v o2 ut o Tt CcompR iule wih trascistor

rwoveies Loy (U ane solve for R

(£

sl aae oaer of passth Saluiiong is, of covrse, yuite large, To

obia gx pruiivaanary i foraazvion, -no 1ot winge srwecific velues were assurmed:

ad I3 E

ny o T eV oend I &) shess conitioms jimit the ranpge of resistance

valuns in the sante (irewit and rooalt in

wan..  ewer supnly vollapos were oe fuilows: Voo = +4.05 Vv

V(,(. =400, Toveer supply voltao. . vosalted in ranen poorsr circait per
-

formance

cha: actexrisni

< ceries of desigus was tested to determinae the relationship

betw zen propazaiion urce and Peoesr drain, Vacicus speed- up capacitors were

used in these desi ne to deisyrm ro the ~5emt on twitching speed improvement,

The resuatie are give in Figare ¢

Base tarnooff voltage £y .-}_(,? was veried Ior the above designs to

dete ~mrine ity effect on Lransisior

13 el 3 S > k -
The relaticnship of Vero

Lo ferced sk reavived Ser tan-oot U given i Table 3,

Ry 1, R
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The cnnnpe o befa reduia coaoats o guide large for & small change in

\

turn-off veitage Lecav.w of th: dow csiispe jevels noed in the o :sigr.. The turn-

P

on ano suro-atl yegair nents o the ooie pre cuch bant ik is desirable to make

R; as lurge as possibie for - off conditics and L maie Ry «s smail as pus-

L)
[
o
—
%
fom
(9]
=
el

foueing RPTL is 2 compromise beitwean

trit~en coaditions, (h’\ acl
N\

these conflicting reguivements. T resuliv obtaived Isec Figare 2} are, o:

4

course not opiirnumi, Lul they do indicaie that the performance characteristics
of this configuration are limitsd if ic . - wes operation i5 highly desirable,
Other configurations discussed in th « pe Cri pezrmit operatior at lower power

2
drains 2t comparable switching specis, RiTI wilt Aot be further investigated

in this progream,




-
Y
. [ < - N ST . .
X : VLnt s B R ANES T TR NS Thararterisise 301
; ¥ D)
WAPE E Lenhe D oSy,

g
Pas
-

s
e

H i PO
b N rOnes P
O 5 S 1 S
s L . H XY

, P
,-.--._,-s.«}[\__}‘ A  on mry

oo g H
‘:‘:"
<

Van (-} . Ves (-)

bd e v '.
Y ‘. : <+
* A - N
Af by
e
LR !
L]
v
N
.

A

4

~i6-

™.
o
g



.
N
Goor T ar
pil 5 L
wl . ,‘_V f- }':.’: -
2% - 3 d
-
B )
. -
et
-
'{L
04 T e v
& “l r
I i,.
-

.(

x

prossm PPN, e

Y

) s 1
Y B ey
: ) i
P S b
DR H
.
H
JUNIR L o S

roaia,

::'i-.-q B T _...-—i.....-.......}\
':in‘

L
[ f . ‘_.0'
3o
AN e AL NS |
o e A L,
LRSS
-!'.;_“
o L

=
FAY)
POV "!\.’.\\.,')‘- e——

(6)



»

The se smpat diodes aus wel &8 o varishie resisiance constint voitage element

and enrence 00 per srwmEnce of e jutc hrcadse of these characteristics,

voontituise poriaormance of e civceit, the following cesign

e
i
4

)

seguence wa. used. Powesr supply levels and semiconductor characteristics
were assumed as in the analysis o revicusly considered circuits, The -

(. D

remaining varigbles sre Ry, R 1o-. Rz, it Ii‘za"d N. To permit the
solution of the 2guai’ons, additicra! axsvraptions must be made as follows:
a.  Jolve equation 4 for Vg ¢y
b, Asswne g rosistauce wolie {or KR; and solve for 1B in equation 6.
c. Assume Ip, = Ig  end selve for Ry in equation L.
4 2 ~
d, Solve equation 3 for 1.
. F
g . an v > 2 a®» V
e, Azusgiae a valae of M oood h't-"'i’f and so ive for I¢ in equaiions 6,
Soive for Ry in egur L 4.

Reaszonebie circuit pey’ cance characteristics were obtained with

minitmum power supnly levals {7 4 = w27V, Voo = +1.35 or 42,7V, Vpg =

.4“& Y
-1.55V). A series of designs wos tesiad io determine the propagation time-

pow or drain refationsnip shown o Vigure 4.

1t shoall e notoo thar vollector resistors may be varied to permit

periorcaance varisiions in switc:

“speecd and power drain for otherwisa

idertica! des gns. A sumronry o7 ond of thesc desigas with VCC = 1,35V is

given i fUabis 9.
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Goaides Jble v v con vorcdion: swere aleo obtained &s various
1
SAPLE N sate sad boun di00re e o ased b othrvwise ideniical designs,
N *
Sl wnlng spesd ol oo gabe s taoorrvely proportienal to the reverse recovery

st des ced ta T e 8 ot of peie switching speed {Propa-

gar o umat 2 e Yo cidon i dioes revecse recevery specifications is shown

. ) Vicde Ruv, Rece to 'V Propaga’olon/cate
Ry w2 ) ' e deshan TS qe : T ime

47 3A0K | An L1 psec 45 psec
LK 1508 ¥ U5 psee 066 psec
A7E 150K RN -3 psec Lod pBEC
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This reralionship ean b2 eupisined as follows: VWhen the gate is

swil thed off, ihe inrat diodes avy trmporarily reverses biasaed, causing tarn-off

base curveat to flow ia the sate via Jzior, IBZ {turn-off curreat) is thus pro-

vide 3 frough the roal diodos 85 %o sy rhe base bias resistor. The duration

wr

ard nzgnitndr of 14 which debs:1 i s tvansisior siorege timme, is thus re-
late. o Jiede saitohing chmracteci saus as indicated in Tabie 6.

Other varviations of DT, yatos  circaits B and C, {single diod and
resi oy wnd angle dioded wore devigned and evaluatad, Power drain versus

profaracion e chevaciesstic: 2re shivwn in Figures 7 and 8,

milay to those ouilined for circuit A. A
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I ower ;. me;;
/Gate “TCate

aih ‘ iz i i Py ‘\.’;‘5:;'{_&’- Lrai T ime

I Y AR 35 -3 20514 - o4l psec
a0 93k LEN e + 3V <04 + 28 usec

+ 1V 22034 & psec

It soowfs ve note cthet ciravis £ is cons<derably slower in switching

speed ihen Loe othor confipwraticss,  This can ba atlributed to the limiting of

transistor taen=off cursror: by the gesisior in sovies with the input diode.

The traccienc characieristics of gates A end B are similar, The

majicr ditfercnce ia D€ chenactametios of each civeanit is the bas e turn-off

£ oy g o s
fench cor

- ofy voltage vwith litiie secrifice in

Tra advaniaps o

propapation Liae acic the ¢1ocuit £+ supears to be the most promising of

The performance of DTL gates in

song avestios o,
Ae coosigaration prevides: good circuit perforrance

Ve and will b igat Section 3 of this report.
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Deairas g cosinas oy ot devels o000 Llormiated g ovtimed (ove sud

breadcardad it - Fuoos 280 veitte e Lo deiesnolae ave.ags power

: s LA D G T Mo v b i
drain and propagafion ape,  The oovou i were cedigned with iven powesr .

i SR R P I 't = [ : - (3 8% i
Supph :"O‘n"f‘-:.\l\.?l!&;'; ",t."‘{ A LR Pr D PO 173 ) 2 ’[‘(’: = 7} ad VP AT U\’;
VB% =V .= 2,7 The deviga resatis wre endiined da Taks L,
E

C\, .
7% shouid Lo noted thai Loihe ecirouit

. -

’ are comparible in wmagaitude,

onscure Ry, Do
Cure Ri, 1.3,

T I

valtes.  Fimphasis was plared on maintain.

P
g}

and Ip, were assumed 2f spea’s

ing constant turii-off veltage rether than cogalizing base currvents, R

2 £ lesistor
L]
Py : ” LR - . - .
variations were assurid to be J107 frower drain versus pre pagation time

charactevisiics fce civvaits 1 tnrowrh 6 are shown in Figave J2

»

vvesiigstios ol promagaricn time versus fragueccy s a function cf

-

speed-up C&La!

€3

itowe wes thadue § by the ase of the Jive stage ¥ ng oscillator,
As larger cupncitors vaese ased, fas circuit operaiion Lacaine oo fast to

propesly determine p:upagetion e through ring osciliater tochuiques,

1
N

kY

Propagalion lities became relativei sv.ali with vespect to rise and fall tinmes,
thus resultin a dey oration of the norinal sguare wave output into a semi-
sinuscidatl wave shape which prevented ineasurement of propagation time under

‘ these conditionsz.

It should be viofed that the above information represents typical

characteristics as determined threow

ja
)

of many design aprroeches, The
results are. however, rypical of parievrnance vbizinable from this coufigura-
tion, Further investizalion end performnnce charscieristics o« complementary

St RIDMTL, cirediis nee disvussed §n Seccin 3 o thus rovort.
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operation whon the oS0 Jotmat b n s e raraed off to inverse opération

whort toe gate oafpny ceensis or fooon, Fhe solzlineship Letween base cucrent

o :}J’“L} tenas o spdiieize fan-onl as the supply voltsge is

increaszd, The relviionshis bebv < o voryer drafn and switching sneed is

shown iu Figure 13§ apply voitages and resistor vaiues,

Tgvn— off volitage
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iton 4 rarics with tenperatare, sincs
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$ 2V A%C, Thus, Las2 emilter turn-off

[e]
em

ages are reintively independn o Jdesisn variaticas in divect coupled

2
cireuite, suach as T, -—...ud tened L oves ot sinalier as armbiasnt zem*veram-'-*

is twerzased,

- s . . . A ‘ .
The jeast cdvious protdca nssorciatad with TYL circuits are thase

described in equatic;: 5. When 7" muies are interconnectel in variows carmi-

binaticns of fan~in und fan<out o o~

bt is pussibie fur a2 gate transistor

to swikch in forward speratien ireivad of inverse operativn while driving an

output transisior. This resvits in bas: curreni Leiny divert-d away from the

gate oulput trunsistoer. The major ~ause of this Jdiversion of nurrent is a

mismatch in base emiiter voitagss «f the cuiput iransistors, as shown in
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saehis veflecied throcgh the gating trausistor to the

emitters of the gaile (ransistoce, wnich, ¥ connected togeihe:r because of
fan-out conditions, must be at the ssny veitage, 1t is thus yossible to have
one gale trapsistor, {5, ope-atlig in tha ferward mode and supplying ekcess
base curssat to other TOL gures nt the expanse oi base current being supnlied
to its vwn gate oufput transistor. 'The sxirewme czse of this condition is
outlined in equation %, This equaticu indicates that, i a fan<inof 3 and a
fan-out of 4 is required, the inver o hieta of the gate transisior must he
lower than .2 tor the gate to be operative. In actual practice this relation-
ship has been found o be too conservative, since the forwarc and inverse
offset voitages of the raite tx;ausissizo::a ond variations of base- emitter voltage

with varying current izvels must be constleved i determinir g whether the
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mismmatoh ‘.‘1‘:‘*.""‘;-)}:{:7 U the swrpal ns Ltoes a1 hecomes svaaller as the
dist¥:buiicn of Lose o ctrentic ihe ol taasisters chEn;en as & funciicn
of Icading vonditio ns

vilohing speed and low povrexr drains

exbihited Ly the TeL comfigeratios ad cavea that of raculd be given further

@ loading corditions outiined in Vigics Lowiil be imerse thornugniv investigated

in subsequant sectin o of turs repu -1
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rlO 0w e, vy Terrant, cwhidh s de o rininad

ULSERTON 8P 4w LG poaulf woien I, aprsoaches a shore
Clroair,  Shis soleiiee hip weaid b v s orhe injoit choractoristics of ali
Sfuges ave sumciur. T ae cornnon e e

garation of DI7TL permits

more ‘hen one ETantisior in g gate o Lo praaed op .s'i'r‘.'zuiéaner_':».wiy. £ the

Colleciar~emitter ssiuration voitag

& 0f the jrensistovs e very low, it is pos~
sible to forwared bias tie bass coliector janciion of the gate trersisteys, This

results i1 & very low Luse-ernititer Drreshol! turn-on voltege 7or all of the

commiecn collector gate transiztors. e ol these pates is part of 4 gate =

fan-out that consists of gates with rie oyt input characreristi. 5, the low

threshold pate witl "roht most of the available base surrent und prevent turn
4 : : ; P

on of tie dther higher nput Inwpedance fan-nuts. 12 must be included in the

clreuir to rake the inpat characterisiicy of both couditions te ss extreme,
The vaziations in base ernilier turicoy voltepe wore determir :d ex erimentali

. L P
and soiutions of the egualionswers made in the following sequ vnce:

a, Asswase Til. ard selvo foy :‘(‘“

k. Assunie R, and Wz Lolye fup V.. butpuat vo tapal,
(2] -

<, Solve fop Iﬁﬂ

& Saivs Jor b

3.
e

A5 with vorying R/ H ; ratics and
variabie fan-guts IN}. The resals showiag miniciam transie or beta require-
ments and vminimum Gulput voltage swians ptoited 28 a functio af the RZ,P‘I
ratio aad 1‘a:~;~o=.aﬁ i) are yiven in ¥ gnTe LG Peogagniion trie vs. rower
draln chararter stices a2 showa fn Fiure 16

)

S

et v e poytreme 4w L




b e

.....

e .‘i.m-ai,o...

"o

- : ST
R g LR TR i - .,.Wi? . [
v e I - e e e - Ve g e
. - - . .. - by —- 1 r T
" o : - .v.l.ﬂl.. e
I i . - - e -
- ! e
. . .o
. [} : i . i B . W.t -
; ; _ ” et
. “ S I ‘ i e — i ﬂi?; -
U N - o - . A . i i

-
t

CETWOL

i
i
iy

2}

A

= w\ﬂ Tool

\ -~

-

.
e ;_f S M. -

\1 ¢
. ;
. . {

A
m - ?t

ﬁ\
A

:“,

PR

e .‘%1)-:1..!(([013: o
I Eol
- a‘ M .,

L

N
[

-~

-
P

=4

T LRY

R : .
B N




R “ - T , YT T
” ' Pt v : ' “ M
K 1 u .. . “ \ ! .%l : “ ) - ~
o ) - pee— P g - o — T e l.‘l’sllc.{nl-u!.l ey ettt ——apres  a - . A - f L e e
: m w ﬁw.ﬂl_t.v{m VQ * Frhd q\u_w N FAv e \N‘. YD Bera v u,... I .m&m\ e b
] { i ’ i N - : N : H A N P e
h i | : ; , . ! T
B g - : . ST . :
| 8 : | I
o 1 :
! ! m : -
.# .._ 1~x. ~ ’.l ...lmfl - v e liea
. a0 ! . T
) - o
; [P K
- " — - I.nJ.
ﬂ * . Peo ﬂ . ) __ . ll}h!‘»l«l [ N nlﬂl‘l. ——— e e e ,.7‘..%.?. —
. | A L N ~ - o
o s . , N : 5 ] o ! . g ‘ o
— m e e S m | PR
; . i i o i i b &
: - : b . ! H - .
! ! ., 1 ' ! ! 2 ’
] = - | S L B o
¢ i i A _ . Tt ;.;...
| ‘ ~ ¢ 2 F.,ll_lf . i 3 N
; ! , AN § n
i W " “ 4 m A L _ L : J/wr
fo- ! | - 1. . .w L : CT “ : ’ IR
i n N ) W H hh N bl w:.\ e o P
_ : i Pk ! | 1 . SRR
“ . i | . i ! o : e - &
S : : ¢ i l. A | MR
“ : - PR — llll'!\'.!'llll!!ll} . T T U ~+ - B T ’ i . T
't : ; ; ! N ‘ et
. ! - Ny “ R4
" i ; ; oL w L : ¢ ; . o
| O T TEUNNY P SIPPUR S R £ . ,;ﬁ el ‘LM ..wf.l,w‘ e e
“ w | AR R
. B e SIS UGCINN RSN ..Ifm-ti ..i...xt,‘ll.Ll. et e mn ! . * u : 4 .mw t‘_.\ f .'ﬁyl
' __ P i ! P v‘?;v{r:
: : : ; : ! ' i ! ‘ s
! . A b o : , i - ! k A
] i H s A R BN K e LEEYE Aae T PR
! m ! DEA m.w xuw. “ \.ﬁ ::C.. uﬁt%k £a .‘?,Tx.,x w ,.,,\uu.‘\?“@\ a L
] P _ Pl _“ T R S ey .‘ ...r..;f ~r . e C _ S R [ _ T S “ I
| SEERE ESENR FEFIS VS <3 SISETEECRN Nt SRNCE SNCR SUTRY Lofs LAY TRCFRE SRS

A\ , . s : : -
. m RS R RN TAM R CANE | m\




(£ ooh o

the ¢l a0 qoars 2Tea s

extremes; {HCTL ana
-any of the circuits pr
DCTL mre cmﬁpara‘;i
highex witno DCTL the

exhibits m.uch poores

previoasiy tonsidered,

in this section vwill nos

at ,.'.':..
& owith those o

Peocones ihrge with respect io Rl"

Y SR . R A . R P RN
woaoadifred form of BT baon 0TI,
.

wagof ie boe considoered Jer AC

~
kl
G
3
1%

troam characteristics for Loth cireonit

plodities RT! ¢ uo net offer any himprovements over

evicrsly consicsred,  The turn-off charuscteristics of

NEIN

I"ower drains are, however, much

w T7L doe corvinnt stved requirements, Modified RTL

rerformance thar & asrober of otiker AC couvrled circuits
Fuarthasr inw raticns of the configu:ations cutlined

he made,

NES




>

.

P

‘
[ [
N .
’ .~ e
N i

PR AR

A aeamte -
e

$
L

-
Y
v
3
.
o
I
& - i
e Y
-~
o
)
H

ey
~
R
2%
e

«,

<
Pa

~
[




",
R »
. ¥ R
N ! .
N T .
.- caarnar s -

A o Ay --“-'

I 3 : ST, 4 I (6)
S i ‘., g
Pl A &, -

Fmitier coapled logic can be ntiiizsd in sither the alurated or

nonsataraied mode of vperstica,  In the ‘Liasirated satursted case the gate
@ output is the ceollector of Q4 «.d tihe inputs ace the bases of the comroon
collector group of tvenzistors {C2§. The oulpul transistor is turned on

such &5 the saturaicd output of

@
an
iy

fhe Sesigu s2guence used 0 uptimize e design of the illustrated

counfiguration is as L ws:-

. Dewsr sapply bewels, b veference voltage, and transistor
nase emitier and cotio- ~€eoritter saturation voltages are
HEsunyed,

L. aAssuwas x valos for V- and solve for : cap LD €Quation Z,

| Ly Sy valus » and ve fo Ver sat in equation

Ho £

5

sun.2 a value for 3 a1d solve for Ry in ejuation 5.

d Sotve for Ry in equatica. .

. €. Solve for Iy in cgueroe 3,

i, Solve for I @ B = 20 in eguation 5,
Fewy P
. i N, C L
g, Solve jor ,,,Q.:?_._ in ¢ gquaiion &,

v
—

Phe whove equations were solved for various turn- :5f voltages ivoff)
. ’ )
Y

anad curcead tevsls, The variation in perfrrmance characteristics a5 a function

of tuir -uft wo tape ab s copstant crrent lovel is oatiined in Tabie 17
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cf scluiicw sue row oo iaded i inds oo TioLluece vearst eese oosration with

the abosre circiiis medd wet b wee. ooty had with seasonabie. resistur toler-

[

ances ©mBuWCE PYoLex BECUAien 1L Leuessary to add an a"dxt\ora{
vol':'age drap o Lhe poie catoal volio e v o ;zﬂaxfz;e that the input voitage
et the drivea stages o sufficionkly o Lo turn the input tragsistors off,

The gon-aatvraied wpera . o e cles o a rather wide range of
cutput voitage tevels 1o hotlh e 0 S rase which adds additional
cowmplications to vue Livneoff :c‘ﬂv Colnge swings are also guaite sraall
and are dependent apey hading eony o, s

Thees nrobiems were n s s ed v rhe aturaled design discuss
earlier by saturatinp

A noreisal r desiomed not earatsd LOTI eircuit vas brzadboarded
and evaluuied to Adeterinine soeod v vre scowaer drain relatiorships., Results

(.5 usec ip 2 206 aWw: ladicated thai s perivrmance of non-saterated ECTL,

does not offer w-significant perforninncs advantages over saturated ECTL.,

the zeuers) perforrmance of FOTIL presents no sigr:ificant improve-
ment over previcasly investigated =ircait 5. The disadvantag? of variable

output voitage !oyels sad the inability & obisin conservative non-saturated

.

designs indicate toat NCTL logic permits no significant advariage over othe

forms of dirvect coupied logic iavesti valed,
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' 3.1 Demavigmentery YLL ' ‘

e poevlmdeesy oo o ntica of ROUT L gates ed a desipgn
proce ture that wsatied o shootlas s off voltages end disst viiar base
furseat Jor the oo gate transinior. To further lovestigate sarformaace
Charazteristics of the configeratt . it foilowing desiga protedures were
us ed;

S Aszsame the moeoceroin coststance value ia the foliow ing

@ group of costgasy . srstant. For comperative pur-
prsas the saani» ¢sistancte valae was sssumed to
. o be “0W 2.

3 Varwoos valaer o8 Lase curreats were ass wned lor one
olothe gate trasns  toea. One group of det gns was
ervanleted with conal base torasoff voltag-:s at varlous
vales of I, as * 28ign critoria. Resl. tor tclerancas

L] .
were gEsumned to UG, The ruesulgs o these deslges
are given n Talt
I 1o - Povoens < IR g Ri I3 Ty Vs Y, O Bf RN gsz A
BO, By (PR 1 ’ o Blordy 4l -l/ N 2/1\,
S E L e 10 2u¥ 24K R T Y 24,2 2.0
i.5 i6.o 1D $RK0 25K : JAGB YV It 7 8.6
W id. & ind Al 220 Y i 7 7.9
' s 23,40 Vi UK 200, < .23V HE, 6.9
20 G2 N85 34 181 he .25V <.3 6.1
30 45.% 240 25K 16K O 30V t.0 5.3
Teabie 22
Althoagh base tern-off voltages are equal, the magnitude
: vf this parameter varies as the bace cuarrent {e varied.
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canfiicting trasuisiue heta rz-qui £s an0 tarn off voltages The design
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Tables 22 and 23.
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Resi:tor toleranses vera va-ied rsd %% jor this design to

determine the eftecr of changing this . siga criterion oo cirsosl performance,

A choice must now be made between investigation of a large

numter of desipns to Jurther clarify the puwer drate propagalion time

rela‘;cnship outlined ia section i nf tivis report or te fully lavestigate oag
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Hinituiions ihat are aot immediately
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VUabile 24 was chusen as a typlcal

The power drain of this gate s

approxiriately 50{}4& witts, Tawer powor draia gates can cbviously

be achieved If reslstance veldes arc in
cresse ia switching sveed characte.
such » chaoge.

A group of iinnt sur
determine the effect of transistor sicr
beta ¢a circult performance. " The ual
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The efiect of ioadiy

| be varying input conditions up'to fan
frem fan-outs of up to four {ANI: an
comp'ementary semicoaductors aad

throuvrhout, the design procedures

creased, The subsequent de-

-5 would of course accompany

oy

ansistors was selected to
age time, frequency response and
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In determiuing th2 opiiowom values of speed- up capacitors
to be uscd ia tue getes, It was feond that optimwn performance was obtalned
if the values of the speedeup cay:citors vere not ideatical as would be
expeted o & complamentary clyows vsir 2 vomplementary transistors,
The :dvantage of unequal speed-up rapozitors rnay be explalaed by coa-
sidering the waveform at the gare nod2 ot the clrecult. For one edge of the
wivaioem the gate diodes av~ ferward - ased sad reflect the luput wavelformn
at th gate pode. As the gate disdes are reverse biased at the other edge
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of th> input waveform, the guote rode warofory is dependeant apos the RC
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func: on of temperaiuce was lnvesilgabad.

Mexlmwrn propagation time was
obiaiqed from conditions | aid 2 vailined bhelow and minimurn j ropagadion
time was obtaloed from condition3 autijnad below,

MAND & 0 CiOR Gotes:

L. Miolmain bets v - aximam -storage tlme translstors
st maximum faa '« and fan-out corditioas,

2. MWMaximur: beta and maxinium stornage time transistors

at mexlmem fan-ia and fan-out condlition: .

e

*Aiaimun bets and mislmurm storage time transistors
at mionlmeor faa-in-and faa cut conittions.

The o, 0 stape propa: lon trae of botl pates {or the above
iy I ¢ .

conditlens is snown fa Flgure 27 ans
the sjeed-up fapur. ¢ were selected fromn 25 C performance

char..cteristics and were not necess - lv cpiimum ovar the vntire temperature

rang=. ‘The relatlvely poor worst car  performance of the gates at high
terhperatunes tends {0 suppost this peorsibllity. larger valuss of capacity

{C; = 5054 C, = 75pf{; were used In the worst case propagation time

cenditinns (;&3’, v transistors, max leading) to lnvestigate thi. possibility.
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The i TOngatvoa o fernatior iz (aed (s stowa in Figur: 29, The
.

Impri vemront tn serformanae char iecisties indicate that thsa farger
CCapa ity valuen shoald be usod to ootain periormance tmpro ameants,
Thes » capscitny valies were selecied vo be <ompatlble with *he fiip fiop
requirements us outiined in the fo lowing section. The advaitage of this
comj «tinflity will hecome chuious ~hen firal packagiog of th: circult is

3

conside ~ed,

The werst care pressgation titne performance characteristics

of the geivs in a NAND - NOI andg NOU - NAND sequence wa; alsa

)

inves:iigatad, The results ars show : igure 30, The information
outlined ta Fipare 29 aad 30 ure wo' &+ snee civeujt chuaracteristics and

should not be soasidered as tepicas vevformance.
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Y criatiiv, of Blovitene Pt (e ing aciion of the
A
flip~fivp thwoush certivallun. o Taasis o o0 speed-up capacitors was

Invesi gutrid. iy vnsivable co B il 4o praber of capacltors used in the

flip-fi55 4o ¢

.
~

tate Integeaiion (8 oo cirveoull, 1esigas incorporatian these

varion s

voooin Figures 33 and 34,
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Fig. 33 Tag. 34
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Vhe auesigu siiowa ‘n o wee 33 atiitees steering capacitors

to teljgar the DU nad specd-vo e cltors with the "I“:\ traasistors to

3 the vegenesalive action. . desiga shown ia Figure 34 vuses the

more ceiventional vieeriag fvahrigar  ; oblain the complewnr enting functicn.
The design using i2eiinp sad speed-up techniques shows

secme D 5 “B'm nce advantage (tologuriay repetiﬁan rate) ovor the steered

£lip-f-op ai room terpperatuve

a operation aver a wide lemperature

range le consiicred. noweves, Y- svearod version of the fli s~flop e:ihibits
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Lird froos the pulse goeneraiors by

the flip flop,
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iz will be placed

: generalor and

ign colhier than o broad, lecs detailed

tvalde oo o gy steras standpeint to have the flip-flop

as cornpatidle {n performasce wrd wusdian condition: fan-ia and fan. out)

with the gates a8 possible. |
The Jlipe¥ic. cos o o e wr e apilmam use of

base o tbecause there {s a0 fion Cin blead off poteatial base

carrent, Irel

may be higheo than yate ba.

iminary lavestigstions

& Carrais

indicat: that Hlip-flop base currents |

with soimewbat lower DC iaput

Current requirements.. The cou.f{rzurntion shown in Figure 34 was evaluated
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Tihe bLese Uy ~flop © hown abovae 15 app;:cximately

1 3/3 times boal of the gates aad wil . in slightly higher fan.-out for the

el

flip-ilop. 1Bbo tppli SRTFefs Fenves s lmwer

or set the fikp -flop

then the cguivaient tnput oureat ai eitner puie, thas ra irg tbp flip-flop

o

fnout eruraetiristlas conser or one eQuivalent loa T swer dratn s
approximately 200 . W
/

The cffect O

~
Y-

apmat saines on freqaeacy eponse Was

detevmined by varwho boﬁ- ’he- Vil An and ratio of the I NF and NFN

%

steeving capacitors. The tnforneiinn ub*ninod is plotted ln Figure 37.
Frecsensy responss 1 norimaliued to e meximemn frequensy pbtained over

the b onTeveburse with Cy = L, = EDpi
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Qut s woN Dndakre. el R wne o ilghy sues-id Sdiedes o
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~
1

the syseving ae vioxt .
U Lpdhanuen sericyiasace o tertne W the lemporetare ranges
outlir »d 1n sectlon 1., was obistoed ith Oy 50pf aad G, = ISpk.

Flip fiop periormani 2 woralions wilh Wwansksier charatteristics

N

weke letermined by evaloatiiy poricrmanse wsing the same limit sample

traas sicr wsed ia tite NAN | ad NGO snie evalnation. Terformance
charecteristics wer: detarmianed with Lnill a squere wavs and 1/0. sec pulse

width input to the Hip-flop. The reeultant Jrequency respounse periormance
variatioas may be explalasd by con- “loriag the duly cycle of the ioput wave-
form and its effact on the revovery . reguired by the flip-flop after

remcval of the inpui pulse. The lls i .iaple iransistors also contribute

to pe: forrance varistions ai shows in Figere 28, '
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WEN o FNE trancistor fat o

operztion end complicates ranign
o siarenstary desion will o .
lHimiiations aed the wide varge T

Slghoy vureo.

"y

.
Lo I TP dgnor then
fevispetis, CPLis is wsamby accemplished
CreaTiln ae the sxies Sul chenglag the
sl dre nsed the Yaoat curreat wil
as ot will alse be sveilable, This
@t Curobiiitles w‘ah respect to the

3 thnt of the geles,

=it

el,

Thie will vesult t

P I
Bk

sned wiih

o s

wetakg fop tha

pewer driver,
&t is aaticipatad that pecformence

fi is moze probzole
aais will be desired from either

% adn-cemplementary

As {adicated eazr'ler, moa-

nofiad »port becagsz of time
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shown ln Table 49. T ropagation times
ntor as described in section 1.

were determisst boo a5 staps v

Avg. Power
rer gate

Avg. prop. time
per gate

fa.

(o]
-
.

335 .52

2 TV PR N H04 . 48
Y 14 520 .42
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VoSSR g o o

. 508

.36

5 118 234 . 62
1,25 AN . 300 - 55
1.3%° S iz 355 .50
1.33 318 R 405 .43
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Ghe ceaulie Gavde o s clown dn Tigy ra 89, Gate tura-

off covtgiansg v re docerminvd an o lyrsilon of leading, and coavpoaent
varizoons uitheiag the gate transiciops deseribed above and imit samples

of tove ot s of gutpul Trancisiops. he owput transisiors selectec

nton 407 Y90G bzva walts with maxlaum values

of foraeg cifusy voltage cad satu: wiion »o diutance lor each f the belia

A typdval vaviatio. of tura-off voliage with temnperziure is
show: la Figure 80,

The reduciivn in bsre current through the curreat bleed-off
effect described in section Il was evaluated by breadboard techniques. Limit
sampies were selecied for all output treasistor base~emltter voltages. The
three groups of sate ttanslstc&s previcvasly described were also used. Actual
base currazal to the gete uvader lavestigation was measured as a function of
loadi, g conditions to determine the wzgnitnde of currant diverted to gate
trape . stors o paralici with the g te wnder teste The dlagram of the test
set used is shown o Pigure &l.

The results obtai 100 are shown ia Figures 62, 43, and 64.

‘Fach of ti.ese {ipures ladicates base curreant vaviations as & function of

gate ian-in and fan-oul loadlog for cach of inverse befa rangas investigaled,

The cata is normalized to percent of mas cimun base current to permit a

more universal application of the cuarves. -
This informeiion »as used (o determine ouiput transistor

betx wuquiraments for each of th> runges of gete teansistor inverse beta

Invesfpautad,
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same units used Lo the evalystica of prove atior fime varisn
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usad to ahtain two stage propagetion ime ciavacteriotics is

Figure €6.
Ferformaace variations
rislng and faliing propagation time z2¢ 2

variations are shown in Figures &7 and
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™ Since TZ%L Is a direct coupled circult, the ouiput valiage
swlng of the gate Is quite small snt prohibles the use of an AC coupled
flip-flop. Direct coupled complermneating fi’s‘p {lops may be nbhialnoed by
usiny either of the configuraiionas ssown to Yigure 62, Tweo of the circuiis
showa below are requaired to obtain the Coinplewnenting funciion.
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The flipeflups may 50 aalyeed by wtilicing o 2 indo:malion
2 . . . 3 ¥
determianed for the T™1 gates sinc: tovy avs Jicen: coupled, Fioth con-
figuratlions were breadbcarded ano ~xhrbitsod connlermenticg ‘requaacies of
greater than 00K C.
The flip-fiop showr ia Figu tul is the le .52 dasiprable
since the base emnitter voltage probicon: icorrant hogping) iol e-xnt to DO L

must also be considered In tivs esse. Por thds reassos the fip-fion chow

inMpure 69 (b) will be consicered thrsophoud the remaiadesr of this report.
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pesfurmance characterisiias

Eow:sr Driver
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The prssibility of watn o Ly b Duennd {0 W 0 00 5ove L
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gre wan laoe LY sl h‘, L.:':i.\;(

supplement tha standavd

¥
3

.y

resistance value of 25 B8 “This ‘powor doivert iz awpaivale af fo teo loast

’ but will have fan-out capabilities uf o “han helee thaf of the nommal gite,

Performance characteristics werz cveluaie Ly gubarnteting this gate to

™ .. . the worst case two stage prosageiios ioe test Srecuil with o alinwable
maximum fan-out of ten loads., The vi:war end falllag propegaticn time
meazurements shown ia Figures 71 o 71 fadicste that the uarformaace

characteristics of the power driver -« o counpaithle with the standaed gate

performance characteristics shown o Migures 67 and 68,
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desiga that is recurnrnendsd for O L he intrntion of the

circuif evaluaticn portion of this repart io W dnvestipate tve chauos of

cir-ait performance:

A} Perfomasace voviofives 23 s ivoriien of yorial o pow

B} Lerformance varisions o3 o funeidon & voanp roend

variaficass anpd ianion cunzuoterictics & sonsiant
poway druin, s:cootiined in ¥ oeotoen L
T

Interpretaticn of Sectinn: 7 wo.d 11 should permit e vesiox

to determine circeit pericrmang s crornciarist

5 oVl B o wude Teape of

operating conditions.

When ¢ach of the crrouits iawvesiipaied ars coensides =, the sperelion

of the circuits in & system @s well s the facividual erior smnce char-

acteristics must be evahmigd. “iecnaph dircat coupied ciaeits o 1 ."'Lé‘

@ permit the lowest power dr 7 noaod ernibic the most wonsistynt pe-formance
characteristics over a wid: temernyave yonge, they have noxe rirewbaoks

thai are readily apparent.

The coraplementing Llip~fiop is (nite complex in thet 11 reguires

the equivaient of eight gares. Fower drain for & compleras ating fp-flop
™ is sabsequently quite high. Thie regquirerment is necuseayry ruice the

outpat voitage swing of the rate is gquite snall aud probibit, the use of ¢

Yao
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stearing notworks. TOLodr wlse oy wvloo cisraptioie thon milesd on-
figurations becausc of the smal tur-off woltag w ut the fa nuetor s,
The active gating elements alsc ind ty inorcase poise sascoptibliity
because of the lack of a cuvvens ‘hpiting vesistance slenrent.  Tha turn- off
voliage is also t_emperaiura dep ¢ adrnt and decreeses with snaressing
temperature. There is 2 cenfliiiin requivement on the gole fran istor

It
]

because low offset voltages are =g rsed Lo midnimize the tren-eft voltap o

‘protlem and low inverse baia is requiraed to prevent sigzificant redactic:

[
[N

in base current through base bloed-off current. It is usaaliy quite diff-
icuit to obtain these characteris’ic: ia the seme device, 1+ iz {elr that
these drawbacks more than out-welch the low power drain cheracieristic
of this gate.

The remaining configui-a&ignm (DT and complementary RIXTL)
both permit AC coupled flip-flop s because of the larper output voliage

swings, The original atteinpt t¢ u very iow collecteor sapply voitages

in the DTL configuration resalted in peor flip-flop periommince over wide

temperature range and a very sm:ail reverse bies on the gaie dicdes,

Thg larger collector supoly valtage (2.7 volig) improved both
siteations but resuited in larger power drains. The DTL g':-u..e periormanse
is highiy dependent upon the swiiching characteristics of the input diodes.
Vorst case gate performanca &t high temy. zratures realied in consistanliy
poor performance characteristics independent of diodes ascd, The gate

switching characteristics and fli.~ilop fremmenny yesaoase -7 alvo depeslont

upon capacitance at the cutpat acde of the pate. I levre veloes of collector

[
fon}



resistances axe eset, the Gl thioo oot nle o Toeaes a0l TR ik
C 3 ra : S O . s PR e e et DE IV el NI b
basiz coniigeration s1so probabits e vee of geparave (LA v A

gates. An AND-OR logic s:qnencs mast na obis ined throoap:s fogic
inversion at alternate gates. The dip -~£3‘.a‘=v3,> 15 less sumpler  ban e direct
coupled 't.ype since it consisis of fwe ~ross-coupled gates wilth an 5500«
jated steering netwcxk., The steoriss nebwolrk .i:zputs may b sennroted

and used as a compiementing inpat ox nsed sopal ainly me an Mo s

and reset as would Le réguired i3 oRIIL ragisve T,
The compiermentary AD7H. costignonting has wue ad sotaze of
perraitting both NAND snd N¥DR ¢ater o Le easir {abyicale. witho eimiles

desizn and performance characteristics. The shility of sitter type of

3

gate to drive both NAND anl NOK gotes sirawvitaneously is ais0 a con-
siderable advantage. The logica! designey ts permitted munh greater
flexibility since the AND-CR logis scguenie may now be suzplimented by
ANL:«AND and>OR¢OR gate combirziinns withoat logical iav.uvsion  The
complemea?ary output transistor pair alss pesncits the presonce of &
trarsisior rise time at both the rising end {allin; edge of th: wavelform,
thus enhancing the switching speed of the virvcuil throagh the ¢lminatior
of RC time-constant fall times. Vorst case propagation thre also degrades
at high temperatures but net as .ppreciabiy as the DTL gate. Turn off
voitage is about half way between the values sxhibited by 97 L and T2L.
Beta requirements are s!igf;ttlyv bighes bué are not prehibitive.

The flip-flop configuratic is less complox than two peies cod hos

considerably lower power drvaia luad other thip-"iope ropsicerad. The
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The conliguraricn shown i Gechirr W pu casio ond pern VD TaE s pebs

su may be ohizined n

degree of Gexibility. Fuginer iogln adue i
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atilizing ipput capsacitors .. the
Considering circai. perimranaie et By Btem s Yegquiosants as

v ko oifer

ourlined im Section I, the cimpleneaiary WLdTi fogu Bwpn
the best performance charncteriiaon, Yo problers o vad b iae

[

tsfore @ tie ) oaslecticn

tegrating the circuils mus? als: v canni.ol

can be made. A discus«:’;iu,"‘;\:f»f Pt
. « - . \\
outiined in Section IV of s ro b
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The transinior | &rd <ooricy
{Sections ¢ and 3) wers deviros onteast e

standard production Hae. Whey sao olans

applicable to nugitiple chip f

As previcusly nuevitcioar,

R W TVRTE IR

ased to obtuin the high beta sod Tew o o

tioa &t jJow curvent levals. 7orans
circuit to circuit and can be Jlatermi el

Sections 2 and 3.

D, Gapsobioys

Capzcitors will bi o 0w

This method makes gase af (K o

silicon oxide. The vrade is grows oo

I

Lgedns s
'!7‘1 RS

i

available. A graph of capsciiancs /il

thickness is shown in Fig. 14 .

a & pf g 0

Typicaily,

voltage of 102V nay he fabricated 10w
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coeffizient of capachinnee is
1 : g . .
S anmips i 70% of Dreeloows sl

Cupacitors ins 7 be Jornud

elements. As shown in the propead T . rhie
capacitors are formad on the s&m: silicoa bBlock o5 the dixde zrowys.

.

The silicon forming one side of the divde sied serves as one f,~za;j;-.am;‘:.‘a,z;
électx‘od.ﬁ~. Oxide thickfxess B m Be custredled o clve wogriye s Snoo e
tance independent of diode chaysgir 1o ias,
C.  Remisteis

R.es‘ls?.a'rs miav be of 1o typen davers, ov Tooibin flias,
In each case, the acitual resistanc: oiegent will be a fong the . sirlp,
1 to 4 rails wide and up to several Lo dred ails long.

The diffused resisicre consist of & petype oiffnsed sivip.
in an n-type silicon block with an wride pasaivaied sarface. Resistors
from 10 to 50,000 €. may be fabricstid ana 35 x .:““:; mil siticoa ¢hip.
Tolerances on ig‘adivi'iual. elenents snre 5%, tomperature oo ficients
are; . l%/GC above rcmﬁx t_t-rn'z,-;’er&.-‘;vu;-:’, ~. 03%/7C belew ronm famperatar o

Because of the p-& j;v.sw::n'.on':i’r-lolatifzg the resiviny stiip,
there is a distributed ::apacihinx:e sloney the réf-isj«‘.ar wiose o fgct o
circuit performance must be conuids ;“ls-‘ri. in ispy cases it 11 ve negli~
gible.

The total digizvibuled copaaitance aséacr&at =d with a 24, 0>00 e

s

. resistor is typically 15 pf. Severa! lumaped pararcsier appraunaiions to .

~106 -
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The reoquired reve: i+ o az Lu fi ostribated Srooo ia

the resistor can be insured by tizin, Le n-ivpe rogisior block o e

v
i

v

s 00 s opant e s the Astodigien

it
@

most positive supply veltage.

capacitance.

Thin film resisiore vrs 4 0
oxidized Si wafers. Photorousist 1000 vEo kg v
: SRR 250

planar trausistors, are empioyed v dailnenis thi patiecn, Jaesl

o

from 100 to 500 n’/g cen be bteirad  cing pure Ta. Highow wolae s can
be cbtained fxom Tentelum cxide filhi- Jvrmed by sputiering "o wit:a

small, controlled partial pressu~. « . J5.

er 7
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sidexably less than diffuced veuisto: o ut | divicibwted copadite o
values ave typicnlly 172 to 1/4 =i thooy found ia diffused vesisiovs.
4.2 Qik:s;’zai Rﬂi@%ﬁe\} TS sk enziog Teshalques

W hen invest zpatiy.g ihe possibie infegration of ihé: civaniis vute
lined in Sectioz 3, the use of 1. 5.C. subsivnies, separate chips er
combinations of these technigirs muxt b censideraed. It iz well kavwn
that the use of 1.S. C, technigues revalt ia vother severe ciwé n«. eiiacts,
particularly at the Jow curreni levels boing suasidered in thia ropors.
These par.zusytics sonsist prh:.nxx'il-; of distributeg capasityace and leskage
carreat 2550¢C ased wAt! each diode iscleied component blork s the i
strate and resistive ‘pat’hs shrzﬁ»ing, cumpponents o cach othier. Reductions
in these purﬁsytic effects ha('?m bee ac.Laved through triple diffusion andjor
epitaxial techniques rather then the moow coaventional isolstion diflssion
techniques. The high trassistox bois taw curvent leveie api low isola-~
;ticn leakape requirement, howaver = o o0H sistendy chiainabis thruugh
the use of isolation diffusion to;chn-:'.x;zm . The parssytics ass diated with
these techniques are juite higi’s; 1 riniion dinde capacitance vusouleted
with an inteprated trensistor meas oy the nexlompance charecierlstios
previously outlined is 25 pf. W h ¢ compared with the Cob el 4-5piof &
conventional transistor the effects of cormplete clreuit integresion oo per-
formance ~can be evaluated gemiwquem ifatively. Uistributed .s:anm:.:;utance
associated with other components sr: coraphyable with voige s deteianined

for the trensistor,

5], S.C. ~ Integrated Semicendacicy tirvalis

S
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Cordiguraiicns «nvl 86 & Ul wee A R2E PR LTICURE . P Sue e
tible to performance degx‘e;}:&.{.’icn Trows Thers 'iiaru sytics since Swohicung
characteristics are dependent upon e G time constants ot The gais
outpui. The problem assowist.d wirh T L iz even preater since the “arge’
Cob ¢i the gate transistors aypea:s ncross the oatput transisi.xrs he se

emitter jonction., The capacitance ¢f the inpot dicdes in DT will act

in the same fashion if low power kivh speed operationis needud. “hese
parasytics will tend to prohibit thic ceqairvement. it is fox tx., resson thet
integrated circuits normally require at least twic> the power :irain to
obtai: per!orniance coml;atib} £ with separale component circotts.

The com.plementarf circnits offer a solution fo the parasylic
problem since the outpat \-.rsw-:»:io;'ru is pot dependent upon KO tune gune
stants. When the fabrication of bail v P and NP N transistor - on & «ingle
substrate is considered, other difiviiiies £ve ancountered. "iﬁ"he 0 ~ablem
is dis-:ussed in detail below, |

The problem of producisg NIZN and PNF trencistor @ in the sam ¢
silicon substrate is very difficult at best. i ihis sitosiion, he difiicalty
is compounded because of the requizanent ior complementary cperntion &t
extrernely low curreat levels. N( dzervos of this tvpe have L:zon developed
to date forx opér’ation at low currest iv . »is. Faxr this reason, 12 is not con-
sidercd practicul to include b{:\i&:‘i'% PN ad PP low leval trarsistors in

the design of an 1. S. C. circuit at "[¢ “une.

Several NEN-PNIP device: we iven poported on o tachiiaal

meetings. Thosz devices atilized the hase Mifigsian for one ransicior a8

LI
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NPN-PNP stracture snitebie o inrls

showi: below in Fig. _ 14
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Fabricaticn of ¢his typ«

problems which woutd requira Qo.Eid

of these are listed below.
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Qeviloned to Jorm The oanis tul 1. io0s EVTTE S SUE S T IF SRS IS R E )
: :

sidsrabie development work o o miucticol,

2. Onee the collerigy croions ove fermed, 386 te GCH addi-

ional major processing siups woald be voguired cver the aumber nsedo
to ra1ake transistors or mie cecizonity with enly NEN trangilusras. The

additionanl steps would redace the yield ennagideratly

3. In fabricating plm,;:z transifors, the beifa s coravoell:dg
to the desired level by adjusting the craitier diffazion thue o con:ponse
for small varistions in cther paxovizes dirinsion steps | in =i inte g rated
NFN-PNP device, the two unils cauaci, of courss, ou iaderendentiy
controllaed, i'aem.:e ent remu, tpht Hnaindvions wuld be .p.‘!aa:eoj'on Yy
diffasion processes. The requirecrent ior high betas aad low coyrrent
operation increase ih_e‘degx'ee of control veguirzed.,  The hipher the bete,
the-more sensitive a éram—:i;stor 1% 0 el variations in difiusion
processes. ltis ﬂoabtiul i presently ewployea diffusicn gyecesies provid
suflicient control to insure » r(. u;u;mﬁ.uh: vield of adogysteiy matcned
complementury devices.

4. Optimuom sarisce treatments axe Jdifferent for NEFN ead 2PNP S
devices. These surface troatments invoive cleansing procedures prior
to processing, oxidation attospheves, ets., and are c;-iti:al to insuring . .
low Zeéka’ge&c-urrenzs and good low level operation.

5. 1isolation diod# capacitence for the NPHN-PNF device weould be

about twice that of a single transistor.
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graneistors witn ebavactericilss cinudny tu Gperey lev level conapie-
mertery anits will not be f2asible Jor vhe fmmedinte fntere.

An slternats soludi a thes Ao om o Pty performar e Chnvacta o

N,

istics ac stringently as sn i 5. (. sebstraye ig vhe nue of 2 alvipie

chip circeit. In ihis a:.:apz:'rm‘:h:\\st;-;7:377..-,?:.-: Ciivved ax thin $3L 0 Duonpeaer s

are sabstituied on w oRe 0 cae Uy is or e Convordioneily

Cs?
5
-
v
»
a
18

circait. The performeanse chaescieristics of thic type of ¢ vliwsl

closely approach thot of the convartinnaily constructed cire il The com-

ponants can alse he tndividuaily siioriod to pros-ide vonsistelt pesinrmunn g

';: characteristics. The dcn of this appreash is the lacy:
number of reyuired interconnections Lotwoen the sepurate componinls,

It is possiblé to minimivs intercanneciions and mtintain the goad
circuit perfcrmance charecierisiis of mulizple :hip vircaite.
be s.ccomplished by minimiwing the oabar of chips by con dinlug com-
ponsats z2nd jaterconnections intc . nailer nuomner of corgaoanent chips.
This approach is tie best comprer beiwean the 1w pov s elrenit ev-
formance reguiremeats snd foboicatl @ techaiques. Fae g olicavien ol

o | o
this fabrication approach tu the wv nended {araily of cirocwits 1

discussed in Section 5.




cr At ns recamended whil comyl
mentary RDTL logic be coasiderard os the cplimen circult canfigareiions
for lcw pewer applications. It shutld be vecagnived thet any siigival

design is the resalt of & number of Josign oosumrdions and pesidrmunce

any ceofigarstion. Complementary !
con ’i.:-.%ent‘sy .approac hes the reguireniants ;:.».;x‘z?.im-:r‘:-iu Section L of gbis
report.

Considerabic logic flexikilizy 5 av.ilanle and pesformanss
characteristics afford a betier compronise hetwien noise margius,

switching speed, power drain and cumpoenert ragdrements thun other cir.

cuits Investigatied.

The final design of & famcnly of comnlomemtary cizeuios Lo non-
ingent upon NASA‘s final perloxmeanse ruguivarn. nig which 1 sy be
determined from the prelimirary isivcwiratioa ineiaded in thiv repoat. Firal

design may be determined by mutusi censeq: betveen NASA vad Sperry

Semiconductor during the early poriion of phese U of contracy NASI~2519.

B

A brief discussion ci propocs: civoait febrication t. rhinlques

and an example of their appli.:a‘}is\&n #.. 06 fernily of comnplare :otary clraails
% .

Pl

is given in the following secticns.
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1 fals manner ie ept tor ainbor o b csing cveporated oonoe”

in such things as 3eriotor wodworks ox whtrever possible. Vhe Jerice
4s riow tesisd for sorae cirs it rerviormunre {unrtions and o ey bnving
sati sfactorily demonstrated this it is rendy for final eacap odation.  This
is accompiished using the vrovea sawizonducior device ;_3:.;.;--‘;<:‘191r:~:e Loaof

P

deionized wafer washing, vacuwm baidny £ad oo sbisid we ding,
Foliowing encapsulation iz » schedule of Jinel electrical testing with &
sannple of the circalis produced being iarnad over 0 2 gua ity caniral
group for relimbility testing that wil doormire the mean t e 't;:(:zween.
failure and envirormental capahbilities.
“5.3 Final Gircnit ilagknuing
The L\p}ﬂicatimn of seprnusie whip fabrication § »mhalgques to.

the packaging of CROTL civecaits ¢ . rs5v be ustreted w il the nate and

Al

flip -flop confipuraiions. These pr.lap Cos typleal exennp.es of
P g ¥ iy

the single and stsckad ceranic subslicvie doesipos 1hat con 2 faurionead

on multipin TO-5 type headsrs.

The CHELDTIL. NOR gate ig vssembled en & sing ie metrlized

ceramic wafer. As illastrated ia Fig 72, tha thrse meivlized areas

f».)

serve as isolating islards {ur thefl « scroiconductoy chip: that comprice

%

> - :\ Pl e
the circuil. Diode and c_aps;cﬂ‘.?\rs; weo- diffused on » osinple aoip and the

resistors have been preduced ia = e aotwerk with bonding tans

appropriately located for intercour. (uoar. Whon ail elews sais fave

e
Y,
s
i




& reciew af the favricalTo e

the packagin{z of Se?u:im)rs‘.“.f=.-".;.'\t 3o it ran ooy Ll

cus sion nf & sumber of diff rerl UoiLE L LA cyuiprhent

depending upon the degrer f sur shouwniou Tt ndod  Whe s ¥ beoorngs

decireable to opthnize circait o cing w2 By sing selet e IR AT

Ene-g v by HE YN

coraponentis, the zeparate chipooooer B R

thi: purpose.

For separste chip mesy 1o £l moubinpin IO Lom e Qe iers
arc usnally used. Isolatios of tr.2on cuit @dannnts in pruy ues e

ase of cne or raore ceramir waj v ith appropvistely e iiaad nreac.

Gold plating over the metslizing pro-ides & surface on whie b

chips can be alloyed with the siu - eateci s proforms. Ugap convens

tioral reszstance heating equipre2at the yartous & ‘ircuit elevieats in chip

for n are bonded to the ceramic st owsta.  As this point, slectricnl

pruoing on the wafer is done to - b 4 deviee parameters sud noc e te.a.

*

sound contacig have

ready for heeder mounting. Tho wnfers ure vriented in sudb a Bey the

the metalized arees correspond wivh apps opriaie pizs on ti headlsy

Metalizing has been produced arouad pin holes where eleciy

* Y

are to be brought cut of the ?ac!v apo, and bra

temperatu"e than Au-Si are used o pyoduce these eteciyic:d

and also provide rued hamtal rigidiiy between the sabatrste s 11 header.

remaining circuit interconnacti iy are now mace by the tho

¢ e A —————rr— 18 o

been made. irounit candicates i walior fons are oW

cal contEces
ziag rings of « lower alloy .ng

sonnections

The

SO TP Yensien
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’i}.}_\},”‘a Toowiad & Lt Wt S 4 SR H Voong PO L i s a r g
Fig. . asipe Au.lie yardng oo fherinGooin T s L i
'y s S H e - P * - R
. oL . e . .' b
Yoto s vhe asce nbly el T 2ori P

of the interaoonecdon wilc SOy

rverdy for final encapusafal v

. §

In the care of the UL fufing, the astamaly RN TE

Ailjeolt due o the fact that inteoenazciion

. *

pwoe sabstrates. Thie is accompiizhad ac

Fig. 18 _ by producing metalized arons aroand the intercuonswctiay pins,
3 and 5. Wsier No. 2, see Fig, _ 77 iu assembled first aad bre-ced to

at ihis levei ir cnmpiﬁtéd

the header Bt pin §. After the v iic bondy
the second éésemhled wifer bs . waned e boe header, Seospy shight
specing between them 1s rojuzre Vo pres sl drondge Yo b ?.iri.u“.g; end
this is ac:ompiished by having the neder Side of waler No. 7 cidged.
The sccond wafer is now Brace | 4 the nemder ot pins 3, 5 cud © s

wire bonded in the converntional o nocr comoleing the an: embly.
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